Complaints on the indoor environment of the residents in recent decades have become a common problem in the Swedish housing. The buildings themselves are said to be the cause of problems, and it is given a vague picture of both the exposure and the effect of the problems. The symptoms that residents and users state are often common in the population such as headache, fatigue, mucosal disorders and skin problems. It must be considered that the air that people routinely inhale contains impurities of various kinds, both in-and outdoors. An important source of contamination indoors is the microorganisms that are pathogenic, so called agents. Examples of infectious agents are viruses, fungi, bacteria and protozoa. The purpose of this project is to examine whether a physical measurement is possible to obtain for identifying a possible threshold level of air pollution in the indoor environment. In this study, carried out through physical measurements, the results show major deficiencies in the Swedish school environment. If we study the emissions in the important health-related size range of particles larger than 5.0 microns, before and after measures, the environmental benefits are clarified since over 90% of contaminants larger than 5.0 microns have been eliminated.
Introduction
Complaints on the indoor environment of the residents in recent decades have become a common problem in the Swedish housing. The buildings themselves are said to be the cause of problems, and it is given a vague picture of both the exposure and the effect of the problems. The symptoms that residents and users state are often common in the population such as headache, fatigue, mucosal disorders and skin problems. A fifth of T. Alsmo the adult population in Sweden say they have one or more of these symptoms which they relate to the indoor environment in the home, school or work. There is a national authority on matters relating to safety, health and object-borne infection. These authorities  are bringing forth directives and the requirements to be imposed on the indoor environment.  compile the local supervisory work undertaken to create a comprehensive national picture of the problem area [1] [2] [3] .
The Swedish authorities' annual monitoring of the area announced that complaints about the indoor environment are essentially about moisture and mold, ventilation and emissions and odor. The problems are so extensive that national enforcement projects are to come to terms with them. In the years 2014-2015, a project was focused on schools that are considered to be a sensitive environment, given the situation for children. The results show that many schools do not meet the law requirements to prevent problems with the indoor environment [4] . The basic legislation is the Environmental Code [5] and the Work Environment Act [6] which are the starting points for any oversight that occurs in health. They aim to promote sustainable development so that present and future generations can live in a healthy environment. Local supervisors should check that the laws are followed, provide information and advice and check that the activities are not involving a nuisance to human health [5] [6] . A basic problem is that it is not possible to determine what is causing health problems, that is, what kind of hygienic deficiency that may exist in the environment that cause people harm. Hygiene is a wide term which basically means cleaning the body or the human environment.
What level of cleanliness that can be considered hygienic depends on what is the context. In a broader sense, the concept of activities aimed at removing any unwanted that is harmful or offensive, whether it physically exists in reality or whether it is more mentally linked. Hygiene can in this respect be a sensitive concept because it is not only about what is actually harmful, but also has to do with deeper psychological factors.
However, the concern of this project is not the psychological factors, but only the physically real emissions that spread illness in buildings. The air that people normally breathe regularly contains of pollution of various kinds, both indoors and outdoors. Air pollution is present in two forms, gases and particles. Content and distribution are factors that affect air quality. An important source of contamination indoors is the microorganisms that are pathogenic and examples are viruses, fungi, bacteria and protozoa.
These are often spread through airborne particles, preferably those larger than 5.0 microns. That means these particles are an important factor in the air since they are carriers of these microorganisms. Moreover, considered the situation for those suffering from allergy and asthma, these particles are also spreaders of allergens [7] . Particles in the air also affect the well-being of people through the respiratory system, cardiovascular system and studies show the link with lung cancer. It should be stressed that the impact on health is proportional to the concentration of particles. Even brief exposure to high concentrations of PM10 (PM10 = particles less than 10 microns) can lead to se-T. Alsmo rious effects [8] . Overall, it is important that the amount of particles can be kept as low as possible. The base of the indoor air is the air surrounding a building. Regarding particles they are a normally occurring air pollution and outdoors are several different particle sources, including the burning of fossil fuels and biofuels, road and vehicle wear and tear, road sand, forest fires, sea, desert sand and other soil materials. Emission sources vary between countries and especially the size determines how far a particle can be transported. Particles less than 10 micrometers (PM10.0) can be divided into three different size ranges, coarse, fine and ultrafine.
1) Coarse particles consist of sizes between about PM10 (less than 10.0 microns) and PM1 (less than 1.0 microns) and consist mainly of particles formed by including wear and tear of the roadway, brakes, tires, and sand on roads and streets.
2) Fine particulate matter consists of sizes between about PM1 and PM0.1 (less than 0.1 microns) and in Sweden these particles originate mainly from emissions in other countries. Whence arrival is determined by the wind because the fine particles can stay in the atmosphere a number of days.
3) Ultra-fine particles are particles smaller than about PM0.1. These come from local vehicles, wood burning and energy facilities. The ultra-fine particles are numerically the majority of the total PM10 level [8] .
As for the gaseous pollutants, it has not demonstrated any dose-response relationship, despite intensive research in recent decades in the environments that this project concerns [9] - [26] . With a dose-response relationship is meant the concentration of a substance i.e. pollution required to inconvenience or disease to occur. A fundamental problem for the indoor environment research is the lack of validated methods and that there are no validated limits for the air environment indoors for residential. There is a great need to be able to physically measure the indoor air environment with a view to putting a limit on the emission level indoors in homes, schools and offices.
Measurements
The purpose of this project is to investigate whether through physical measurements we can identify a possible threshold level of air pollution in the indoor environment. The project includes physical measurements in 45 schools, school areas where students normally stay. The school buildings constitute a representative sample of the Swedish conditions, both in number and in geographic distribution across the country, to obtain an idea about the hygienic status of the indoor environment in Swedish schools. It is necessary to create a suitable level sensor or appraiser for indoor air that clarifies whether deficiencies exist or not. For this purpose, it is examined whether the outdoor air can be used as a parameter to be able to make comparisons between different indoor As a rule a normal person exchanges an entire outer layer of skin after four days. The following number of particles larger than 0.5 microns, the body gets rid of during different movements [20] .  Sedentary: 100 000 particles per minute.
 Seated, rotating arm movements: 500,000 particles per minute.
 Stand up, sit down: 2.5 million particles per minute.
 Climbing stairs, running: 10,000,000 particles per minute.
This means that the emission supplement that normally occurs when the activity is in progress will not be included in the measurements in this study.
Results
The base of the air environment indoors is the air surrounding the building and as shown in Table 1 and in the graph in Figure 1 the emission level in the outdoor environment is high in the smallest size range. As shown in Table 1 the levels vary widely, preferably in the smaller ranges to subside in the larger ones. To eliminate the various instantaneous changes in the outside air from one point to another, the average value of all the 45 locations is used. The reason for this is that it evens out the level and variety of extreme values can be excluded that would otherwise pose a risk in a direct comparison with the outdoor environment of the respective test site. The compilation of the average value of the buildings studied in this project is presented in Table 2 and with the graphs in Figure 2 where the emission amount indoors and outdoors is compared.
The graphs in Figure 2 show higher emission level outdoors in the smallest size range, to the greater ranges diverge to the detriment of the indoor environment. The reason Moreover, considered the situation for people suffering from allergy and asthma these particles are also spreaders of allergens [7] [20] [27] - [47] . The National Public Health
Institute in Sweden showed already in 1995 that the number of particles smaller than 1.0 microns will constitute the entire 99.9% of all particles in the air [28] .
In conjunction with the visual inspections of the buildings it revealed that there are a variety of materials in schools that are not used, but that it is both generates emissions and causes the environment, from a hygienic point of view, becoming overloaded and cannot be maintained to the extent required. Four of the above school environments were selected as representative units regarding emission load and where measures were taken to correct the identified deficiencies. The graphs in Figure 3 show the emission levels of outdoor air for all 45 units and for the four selected units separately, indicating that a similar load level prevails in the air environment as the average for all 45 units.
The measures taken in the 4 units consisted of cleaning up and remove the material that was not needed. Then, there are better opportunities for appropriate handling and storage of the material remained. Through these measures, opportunities are created from a hygiene perspective maintains the premises to the extent necessary, and then new measurements can be performed. Significant improvements have been achieved, results can be seen in Table 3 and graphs in Figure 4 , which show that the emission level indoors after measures follows the outdoor level in a satisfactory manner. The study has been conducted with physical measurements have reported significant deficiencies in the Swedish school environment. If we study the important size range larger than 5.0 microns, before and after measures, the environmental benefits is made clear since over 90% of contaminants larger than 5.0 microns have been eliminated. Figure 5 shows all particles larger than 5.0 microns, before and after measures, of the four selected units.
The result is striking, emission load of negative health topics have been reduced by over 90%. Figure 6 reports using a logarithmic scale that allows direct comparison of each T. Alsmo fraction and clarifies the big health gain achieved. The results of this study show that the curve for action in Figure 6 is a perfectly level sensor for how many emissions should be tolerated in the Swedish residential and school environment. These results are also shown in Table 4 .
Conclusions
The results presented in this project show that outdoor air can be advantageously helpful in the evaluation of the indoor environment. By using a plurality of values from the outdoor environment, a neutral value is created, a constant, which eliminates the instantaneous fluctuations that occur in the outdoor air from time to another. We use the average of all 45 sites outliers removed and instead use this constant to the respective T. Alsmo Instead, they refer to others, in this context, non-validated parameters and measurement methods, with their view that measures must be made in the building construction [49] [50] [51] . A basic question is who owns the problem, the business or the property owner. According to the authorities, property owners in Sweden has a socalled reverse burden of proof, i.e. when the diffuse health problems related to indoor environment occurs, the property owner shall report to the Authority that they, as the authorities put it, "have a functioning self-control" [52] . The situation is often difficult to interpret when problems occur. What does the authority require from the property owner? This is by no means clear. However property owners are, for unclear reasons, forced to extensive technical measures by rebuilding and strengthening ventilation with mechanical systems. These are measures that often require large financial resources.
The results achieved are difficult to identify and problems usually reappear after some The model must of course be complete and correctly account for all the sources of the problems. In this context, it means to take into account the total human environment, the activities in the building and the building itself. Apart from the large waste of resources that occurs in connection with meaningless technical measures, it becomes ultimately the occupants of the premises that suffer when the real weaknesses are not taken into account since the actual emission sources are not taken into account.
